In an environment where energy-dense and highly palatable foods are ubiquitous, it seems plausible that the hedonic system of appetite control will play a primary role in eating behavior-undermining homeostatic processes and driving consumption beyond energy requirements. A relevant issue in the hedonics of food consumption is the distinction between "liking" and "wanting" components of food reward. Separate neural pathways exist to mediate these processes, and experimental behavioral methods have been developed to distinguish and to measure them separately in humans. We examine the evidence that "liking" and "wanting" are involved in weight gain, obesity, and certain forms of disordered eating. Then it is questioned whether "liking" and "wanting" are involved in "food addiction." We conclude that elevated "liking" and "wanting" are psychological markers of a susceptible phenotype for overconsumption. These processes contribute to what can be termed "hedonically driven eating" and represent viable targets for appetite control.
Introduction
Overweight and obesity are a global problem. In 2008, an estimated 1.46 billion adults were overweight worldwide, and of these 502 million were obese [1] . This striking increase over a relatively short period of time has coincided with changes to the environment, in which energy-dense and palatable foods are increasingly available and served in larger portions [2] . Meanwhile, advances in technology have meant that populations are increasingly sedentary [3] . Considering these developments, it can be agreed that the environment in which many people now live is "obesogenic," with few barriers to prevent repeated overconsumption of hyper-palatable, energy-dense foods that are high in fat and sugar. However, it is also apparent that not all individuals have the same vulnerability to the availability of highly rewarding food or the pervasive inducements to consume them. Individual differences in the hedonic aspects of food intake can be linked to genetic, physiologic, metabolic, and psychological factors, all of which can be viewed as part of an integrated psychobiological system (Fig. 1) . It is generally agreed that the psychobiological system comprises homeostatic as well as hedonic features of appetite that work in parallel to influence food intake [4, 5] . The homeostatic appetite system coordinated by the hypothalamus responds to internal signals of energy requirement and modulates the motivation to eat via sensations of hunger and fullness. The hedonic appetite system coordinated by the brain's reward circuitry, predominantly underpinned by dopamine and opioid transmission in the striatum [4] , responds to sensory properties and thoughts about food that foster "liking" and "wanting." Both systems operate to maintain appropriate levels of energy based on the monitoring of short-term "episodic" and long-term "tonic" energy requirements [6] . Therefore, it is to be expected that there will be considerable overlap between the homeostatic and hedonic domains in the control of food intake [7] . Serious malfunctions in the psychobiological regulation of energy such as congenital leptin deficiency can result in the development of obesity [8] but such conditions are relatively rare. In an environment in which energy-dense and highly palatable foods are ubiquitous, it seems plausible that processes in the hedonic system of appetite control, independent from their involvement in normal homeostatic regulation, play a more important role in food intake behavior-capable of amplifying the motivation to eat, weakening inhibitory signals of satiety, and driving consumption outside of energy needs. Recently, a good deal of progress has been achieved in understanding the hedonic response to food and how separate psychological components of food "liking" and "wanting" feature in overconsumption and obesity. The aims of this review are to present current thinking on the neurobiology of food hedonics and specifically the emergence of "liking" and "wanting" as separable and measureable components of food reward; to examine the role of "liking" and "wanting" in forms of disordered eating behavior; and to discuss their involvement in the concept of "food addiction."
Current Thinking on the Neurobiology of Food Hedonics
For more than a decade, Berridge's [9, 10] influential theory of reward has provided a useful framework for investigating the role of hedonics (processes of, or relating to, pleasure and reward) in human appetitive behavior. The theory posits that reward is not a unitary process but encompasses both an affective pleasure component and a non-affective motivational component, termed "liking" and "wanting," respectively. "Liking" underpins the subjective pleasure elicited by food. Food "liking" is generated by the release of endogenous opioids in response to food acting on localized clusters of neurons termed hedonic "hotspots" [11] . To date, hedonic hotspots have been identified in the nucleus accumbens, the ventral pallidum, and the brainstem. These hotspots are thought to interact, creating a distributed network of "liking" sites from the limbic forebrain to the brainstem [12, 13••, 14] . "Liking" reactions are mediated predominantly by opioidergic, but also to some extent by endocannabinoid and GABAergic signals [13••] . Research in non-human animals has shown that microinjections of the μ-opioid agonist, DAMGO, increased "liking" for sucrose in both behavioral (increased number of positive affective taste reactions) and neural (firing signals of ventral pallidum neurons) responses [15] . "Wanting" is the motivational component of reward, referred to as a process of "incentive salience attribution" to Fig. 1 Illustrates how hedonic and homeostatic systems operate in an "obesogenic environment" to drive overconsumption. Highly palatable foods (often high in fat and sugar) interact with individual susceptibility to overeat. The resulting activation of the hedonic system is marked by an elevation in "liking" and "wanting" for food underpinned by opioid and dopamine transmission in the brain's reward circuitry. The hedonic system amplifies the motivation to eat and weakens inhibition of this drive by satiety, therefore operating outside of the normal homeostatic regulation of food intake. Adaptations in homeostatic and hedonic processes characterize individual differences in the disposition to eat such as the tendency to be restrained or binge eat. Finally, chronic overconsumption of high-fat, highreward food may compound pathologic eating patterns such as those seen in severe binge eating disorder rewards and their associated cues in the environment [10] . Food "wanting" arises through the release of dopamine in the mesocorticolimbic pathway prior to and during contact with food. Importantly, it is through the action of dopamine and not opioids that foods are given their motivational appeal; and opioids in the absence of dopamine are sufficient to elicit affective responses [10] . Although food "liking" has been described as a kind of "pleasure gloss," actively painted onto the sensory perception of food [16] , "wanting" accounts for the expression of behavior that does not normally have a verbal or explicit explanation (eg, "I just had to have it! I don't know why."). "Liking" and "wanting" have distinguishable substrates in brain and although hedonic aspects of food intake are typically a combination of both "liking" and "wanting," by measuring these components separately in behavior, we may learn under which circumstances they differ by degree or even dissociate and how this might determine an individual's propensity to overconsume and gain weight [7] .
'Liking' and 'Wanting' as Psychological Components of Reward Although "liking" and "wanting" as dissociable components of reward have acquired some validity from neurobiological processes encoded in the brain, the terms "liking" and "wanting" are also derived from the semantics of a shared language that describes human activities. "Liking" and "wanting" have separate meanings in the language with different motivational connotations. Food "liking" and "wanting," expressed to denote specific neural processes of reward, are often discussed in relation to subjective states or feelings that correspond to the ordinary understanding of these terms (and their synonyms) in the context of human appetite behavior, such as food choice and food intake. Although use of the terms in human behavior has a certain overlap with their use by animal theorists, the concepts do not share an identity and it is important to point out that their validity does not have to be sought through shared theoretical mechanisms. "Wanting" may refer to subjective states of desire, craving, or literally to feel a "lack [of] something desirable or necessary (especially a quality or attribute)" [17] , whereas "liking" is usually understood as the perceived impact of a food or its sensory properties on subjective affect or some judgment of the pleasure it elicits. Although it is assumed that the intensity and valence of our subjective experience of reward are reflective of changes in these core processes, the link between subjective sensations and objective neurochemical events is far from understood. There are instances where subjective reports are weakly associated with objective measures of food intake as well as situations where the perceived urge to eat or the experienced taste of food is clearly linked to consumption.
The nature of subjective forms of "liking" and "wanting" is that they are consciously experienced and subject to interference from other thoughts and subjective states. Therefore, their relationship to human behavior is frequently contaminated. In addition, because it can be argued that not all behavior is under direct control of conscious events, these components can have an explicit and an implicit dimension (ie, one that is conscious and one that is covert). The influence of implicit processes of "liking" and "wanting" on behavior do not require conscious experience and may be more automated and related to behavior where subjective monitoring is low. The distinction between human subjective experience of "liking" and "wanting," and behavior influenced by implicit reward processes that operate outside awareness suggests it is necessary to delineate these processes. This means that they have much greater resolving potential for understanding the role of reward on eating [7] . Therefore, "liking" and "wanting" can be viewed as psychological components of reward operating at implicit (subconscious, automatic) and explicit (conscious, introspective) levels. As hypothetical constructs these entities are not directly observed; their logical status is that of intervening variables. They are an essential component of theory construction because they have high explanatory value and they help to organize thinking about the causes of behavior (an alternative approach is to simply have an inventory of behavioral acts). Therefore, in developing the theory of hedonic food processes the logical status of the concepts is important. This has implications; first it is important to demonstrate that the processes are separate or dissociable (to determine that two processes rather than one are needed), and second to validate the processes by relating them to measurable quantifiable operations. In this way the constructs become anchored to agreed observable entities.
Measuring 'Liking' and 'Wanting' in Humans
The translation of "liking" and "wanting" into measureable, behavioral operations is not without its challenges. Successful procedures must encompass the ability to not only reflect the existence of the different components of reward, but also prevent confounding one component with another to allow for dissociations to be detected. Explicit measures of food "liking" and "wanting" most commonly use psychometric techniques such as numerical scales and visual analogue scales. Questions such as "How pleasant would it be to taste some of this food now?" and "How pleasant is the taste of this food?" are often used to measure explicit "liking" for food, whereas questions such as "How strong is your desire to eat this food?" and "How much do you want this food?" are often used for the assessment of explicit "wanting." These techniques are limited by the accuracy of self-reporting and methodologic issues such as "end avoidance" and social desirability. However, if used carefully they can be quite sensitive to even subtle experimental manipulations and they frequently predict ingestive behavior. Although people tend to be very good at estimating and reporting their explicit "liking" for food, they are often unable to accurately gauge their implicit "wanting" for food. Implicit "wanting" concerns the core motivational aspects of rewardseeking behavior. Therefore, measures that reflect motivational responses to food and related cues can be said to contain at least an element of implicit "wanting." The more spontaneous the response, the closer that behavior is likely to reflect the core process of "wanting" without contamination from subjective processes. Importantly, implicit "wanting" may not be adequately captured by the nonspecific desire for food in general. "Wanting" implies a target with a direction, not just a force.
In recent years a range of techniques have been adapted or developed to assess more implicit forms of "wanting." These methods tend to involve tasks that require an instrumental response such as a button press or mouse click in relation to the simulated or actual presence of food or food cues. Techniques tend to fall into one of two categories. The first type depends on the subjects' willingness to expend effort to obtain a target food-usually something highly palatable and suited to the subject's personal preference. These measures operationalize "wanting" as the reinforcing value of the food or how hard an individual is willing to work to gain access to food compared with an alternative reward [18] . The second type of technique depends on the compatibility of a food or food cue with a time-critical approach-related response. These techniques such as the Stroop, Visual Probe, and Stimulus-response compatibility tasks measure reaction times after exposure to a food compared with a control or alternative food category [19] . The resulting "approach bias," affected by the attention grabbing/maintaining properties of the food and reflected in the speed of the response, is interpreted as a measure of motivational value or "wanting" [20, 21] .
The Role of 'Liking' and 'Wanting' in Disordered Eating
It is reasonable to suggest that in instances where processes of "liking" and "wanting" dissociate or come to malfunction in some way (become either enhanced or attenuated), the resulting impact on behavior may resemble certain forms of disordered eating [22] . Such dissociations in the hedonic response to food may help to characterize particular phenotypes that are susceptible to overeating.
Obesity and Weight Gain
Previous research suggests that overweight and obese individuals have higher food "wanting" than normal weight individuals. Obese subjects have been shown to work harder to obtain snack food compared with engaging in alternative activities such as reading, playing computer games, or access to fruit or vegetable snack alternatives [23, 24, 25•] . In these studies the increased "wanting" was observed alongside equivalent or decreased "liking" for the target foods compared with nonobese persons. In children, self-reported willingness to expend effort in exchange for quantities of candy compared with a non-food reward was predictive of weight gain after 1 year [26] . Increased food "wanting" in overweight and obese individuals has also been demonstrated using other measurement paradigms. For example, measures of attentional bias, in which the inherent "attention-grabbing" properties of highenergy, palatable food are assessed against low-energy or non-food alternatives. Nijs et al. [27] compared overweight and obese females with normal weight controls using a visual probe task in conjunction with event-related potentials from electroencephalography (EEG) as a measure of attention allocation and found a trend for obese relative to lean individuals to orient more quickly to food cues. More recently, attentional bias for appetizing compared with unappetizing or non-food images was assessed in conjunction with brain imaging using functional magnetic resonance imaging (fMRI) in young females ranging from lean to obese [28•] . It was found that body mass index (BMI) was positively associated with attentional bias for food (appetizing or unappetising) compared with non-food stimuli; and during initial orientation to food, BMI also correlated with neural activation in the gustatory insula and frontal operculum regions. Furthermore, the authors conducted longitudinal analyses of change in BMI after 1 year and found that activation in the orbitofrontal cortex during initial orientation to appetizing food correlated with increased BMI. From the evidence it would appear obesity is associated with an increased "wanting" for food.
Binge and Compulsive Eating
Binge eating behavior is often associated with increased cravings for sweet foods [29, 30] and increased consumption of food in ad libitum eating tasks [31, 32] accompanied by a perceived loss of control over eating, and guilt following a binge [33] . Recently, researchers have focused on binge eating as a relevant "hedonic phenotype" of overconsumption and obesity [34-37, 38••, 39] . Svaldi et al. [39] examined attentional allocation in overweight females with and without binge eating disorder (BED) in EEG responses to high-and lowenergy foods. They found that subjects with BED had increased electrophysiologic activity in response to highenergy food images, consistent with greater food "wanting." Another study comparing obese individuals with and without BED examined genetic and psychological markers of hedonic eating [38••] . In addition to a psychometric assessment of "hedonic hunger" [40] , polymorphisms of the DRD2 (TaqIA) and OPRM1 (A118G) genes were examined as potential markers of dysregulated "liking" and "wanting." It was found that the obese BED group scored higher on the hedonic eating measure, and also had a higher frequency of the A2 allele of TaqIA and G allele of A118G variants compared with obese controls. Because the A2 allele is associated with a higher density of DRD2 receptors in the striatum, and the G allele is associated with greater opioid function, the authors suggested that binge eating is a specific phenotype of obesity potentially characterized by distinct elevations in "liking" and "wanting" [38••] . Although more commonly studied in the overweight and obese, evidence suggests that binge eating behaviors also occur in healthy nonobese adults who experience similar adverse psychological and behavioral outcomes [41•] . Using a psychometric assessment of binge eating severity [42] , Finlayson et al. [41•] found that high scorers had an enhanced "liking" for all foods assessed but they had increased "wanting" specific for high-fat sweet foods only. This increased "wanting" was demonstrated by subjects responding faster to images of high-fat sweet foods, suggesting that these foods had an enhanced motivational value compared with the other food categories. Furthermore, the enhanced "wanting" for sweet foods in high binge scores coincided with them consuming 50% more high-fat sweet foods in an ad libitum test meal. These data suggest that the tendency to binge eat is characterized by a heightened "wanting" and "liking" for food, and may form part of a "hedonic phenotype" for overconsumption, even in pre-obese individuals.
Restrained Eating
Individuals defined as restrained eaters [43] are typified by their intent to restrict their caloric intake, with a specific emphasis on the restriction of unhealthy foods. However, restrained eaters are often unsuccessful in restricting their intake [44] [45] [46] . One theory of how restrained eating paradoxically leads to overconsumption is Goal Conflict Theory [47] . Goal Conflict Theory suggests that restrained eaters hold two conflicting goals with regard to food: the goal of eating palatable foods; and the goal of controlling their weight (through caloric restriction). The theory states that the goal to restrict food intake is predominant but can be inhibited by the automatic activation of the goal to eat palatable food when confronted with a cue to eat. Experimental examination of this increased sensitivity to the hedonic properties of food suggests that it is attributable to an increase in "wanting" as opposed to "liking" for food. A study by Hoefling and Strack [48] examined restrained and unrestrained eaters' "liking" and "wanting" for high-and low-calorie food cues. They found that restrained eaters had a decreased "liking" for food, but showed an increased "wanting" for them when compared with unrestrained eaters. More recently, Veenstra and de Jong [49] demonstrated that although restrained and unrestrained eaters had a similar "liking" for food, restrained eaters showed enhanced "wanting." These findings suggest that food "wanting" may be more important in determining the success of restrained eaters and emphasize the importance of structuring eating patterns and limiting exposure to stimulation from food in the environment.
Are 'Liking' and 'Wanting' Involved in 'Food Addiction'? "Food addiction" has recently been proposed as a valid phenotype of obesity [50•] . The theoretical basis for the existence of food addiction in humans is mostly drawn from clinical observations, the scientific literature on drugs of abuse, and in experimental animal models [51] [52] [53] [54] . It has been suggested that chronic exposure to the combination of high palatability and high-energy-dense foods can alter central neurotransmitter systems causing susceptible individuals to display symptoms of addictive behavior which, in turn, can lead to further overeating and weight gain. Davis and Carter [52] proposed that obese individuals with BED should be considered as having a form of "food addiction" and they draw parallels between the disorder and behaviors associated with drugs of abuse. They argue that like drug addicts, individuals with BED experience a persistent desire and a loss of control with regard to the consumption of palatable foods and continue to consume it despite the negative outcomes (eg, feelings of guilt and an increase in body weight). More recently, they presented evidence using a newly developed food addiction scale, the Yale Food Addiction Scale (YFAS), which aims to identify individuals with addictive tendencies toward food [50•] . Using a sample of overweight adults they found that 76% of the group who met the criteria for "food addiction" measured by the YFAS were also comorbid for BED, more impulsive, had more addictive personality traits, and reported an increased number of food cravings [50•] .
At the present time the human evidence on this issue arises almost exclusively from research conducted in North America, and from authors and researchers embedded in this sociocultural landscape. The food environment in North America is highly specialized to promote excessive consumption; however, this food is contained within a socioeconomic system that encourages purchasing and consumption of many items (not only food) without limits. Therefore, it may be premature to regard addiction to foods as a universal phenomenon that has global penetration. At the moment it is not possible to detect whether or not the excessive consumption of certain foods in the North American food supply arises solely from the orosensory properties of these foods or from the way in which this overconsumption is legitimized and promoted by prevailing values in the surrounding culture [55] . Furthermore, considering that obesity is a highly heterogeneous condition with numerous causal factors and mechanisms, the term "food addict," when used to define the eating behavior of many millions of individuals may be unhelpful, and might only be relevant to a much smaller number of people whose behavior resembles that of substance dependence, such as in the case of individuals with severe BED [52] .
Whether or not the term addiction should be applied, it can certainly be recognized that the hedonic response to food is a psychological and biological reality and that the pleasure derived from eating forms an important part of the quality of life for many human beings in whichever culture they live in. Orosensory qualities of food can only engender an affective response if brain processes exist to mediate their physical impact on the subjective state. The hedonic "hotspots" and dopamine pathways within this circuitry have been regarded as providing a neural basis for processes of "liking" and "wanting" [11] . This approach has facilitated understanding of how the hedonic system may function physiologically and has added sensitivity to the experimental study of hedonically driven eating. The terms "liking" and "wanting" can be dissociated semantically (although they are often used as synonyms in common speech) and this gives further substance to the separation of the processes through experimental analysis and observational scrutiny. The validity of such a distinction can be demonstrated through the experimental dissociation of the functional effects ascribed to food "liking" and "wanting" [7, 56, 57] . The separate identities for "liking" and "wanting" provide increasing analytical power to explore the complexities of the effects of food hedonics on eating. The further distinction (experimentally validated) between explicit and implicit processes adds theoretical justification to commonly observed self-statements about appetite ("I've just got to have that food; I don't know why but I have to"; "implicit wanting"). We propose that these separate processes (that we refer to as "liking" and "wanting") can exert separate (and sometimes conjoint) effects on eating and therefore represent risk factors for overconsumption and some forms of disordered eating.
Conclusions
The hedonics of food consumption involve components of food "liking" and "wanting" that operate within a psychobiological system of appetite control. These processes have their neural correlates in animals (and humans) and progress has been made in distinguishing and measuring the behavioral expression of these processes in humans. Several studies implicate enhanced "wanting" in the behavior of those who are obese or at risk of gaining weight; however, enhanced "wanting" in conjunction with greater "liking" for food appear to underpin the tendency to binge eat in obese and pre-obese individuals. Therefore, instances where processes of "liking" and "wanting" become either enhanced or dissociated can be observed in certain forms of disordered eating. Identification of malfunctions in the hedonic response to food may help to characterize particular phenotypes that are susceptible to overeating and inform the optimization of weight control strategies by targeting food "liking" and/or "wanting" to help restore homeostatic controls over food intake.
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